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DOUBLE LABEL IMMUNOASSAY 

The present invention relates to an improved solid 
phase assay. 

In conventional solid phase assays, a first component 
5 of a binding interaction between the first component and a 
second component is immobilised on a solid support. Any 
complex formed by the binding interaction is generally 
isolated on the solid support and the presence of the 
isolated complex is determined. 
10 However, in such assays, errors can arise as some of 

the complex formed by the binding interaction may be lost. 
Loss of complex may occur if, for some reason, the first 
component immobilised on the solid support becomes 
dissociated therefrom. If some of the complex is lost 
15 before it can be detected, then subsequent determination of 
the amount of the complex will give an artificially low 
result, leading, in some cases, to false assay results. 

The present invention seeks to provide a solid phase 
assay which incorporates an internal control to assess 
2 0 whether, or to what extent, the complex formed by the 
binding interaction is lost before it is determined. 

Accordingly, the present invention provides a solid 
phase assay comprising: 

(a) providing a solid support on which is 
25 immobilised a first component of a binding interaction 
between the first component and a second component, the 
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first component having a first label which is non- 
radioactive; 

(b) contacting the said solid support either (i) 
with a putative inhibitor of the binding interaction and 
5 the second component of the binding interaction, the second 
component having a second label which is non-radioactive 
and which is distinguishable from the first label, under 
conditions under which the binding interaction, in the 
absence of inhibitor would be expected to occur, or (ii) 

10 with a specimen to be assayed for a predetermined analyte, 
which analyte is the second component of the binding 
interaction, under conditions under which the binding 
interaction would be expected to occur if the analyte is 
present in the specimen; and 

!5 (c) determining whether, or to what extent, the 

binding interaction has occurred. 

The assay of the present invention is advantageous as 
the first label can function as an internal control to 
assess whether, or to what extent, the complex formed by 

20 the binding interaction is lost before it is determined. 
If complex is lost before it is determined, the signal 
generated by the first label will be inhibited. 

The binding interaction can be, for example, (a) an 
interaction between a ligand and a receptor therefor, for 

25 example the binding of a cytokine, hormone, 

neurotransmitter, growth factor or peptide to a receptor 
therefor, (b) a protein/protein interaction such as the 
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binding of an antibody to an antigen or a signalling 
protein interaction, preferably an intracellular signalling 
protein interaction such as a ras-raf interaction or an 
interaction between cyclin and cyclin-dependent kinase or 
5 (c) an interaction between a DNA sequence and one or more 
protein which recognises the sequence. 

The first component and/or the second component may 
consist of more than one substance. Thus, for example, the 
first component may consist of a DNA sequence and the 
10 second component may consist of two proteins which can 

together bind thereto. Either component of a given binding 
interaction may be the component immobilised on the solid 
support . 

Preferably, the solid support is an optical quality 
15 surface, i.e. a surface that has minimal effect on a signal 
generation process and on a generated signal. The solid 
support typically comprises polystyrene beads or the wall 
of a reaction vessel. The solid support may therefore 
comprise the walls of a 96 well microtitration plate or the 
2 0 walls of a higher density plate. A higher density plate is 
a plate of the same footprint size as a 96 well 
microtitration plate having more than 96 wells. Typically, 
a higher density plate has about 3 84 wells. 

Other suitable solid supports include optical fibres 
25 and glass or quartz surfaces such as quartz cuvettes, flat 
sheets of quartz or glass and quartz or glass rods. 

Typically, the assay of the invention includes the 
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step of immobilising the first component of the binding 
interaction on the solid support. The first component can 
be immobilised on the solid support in any convenient 
manner such as by a protein capture technique. Typically, 
5 the first component is covalently or non-covalent ly bound 
to a first substance and a second substance, capable of 
binding to the first substance, is adsorbed onto the solid 
support. Capture of the first substance by the second 
substance can then be effected. 
10 Typically the first and second substances are, 

respectively, biotin and streptavidin, an antigen and an 
antibody therefor, a glutathione-S- transferase fusion 
protein and glutathione, or a histidine tagged protein and 
nickel . 

15 Alternatively, the first component can be passively 

adsorbed onto the solid support. 

In the assay of the present invention, the first and 
second labels are different. The signals generated by the 
first and second labels can be distinguished. Thus, the 

2 0 components labelled with the first and second labels can be 
distinguished. 

The first label and/or the second label is preferably 
f luorometrically detectable. More preferably the first 
label and/or the second label is fluorescein, calcein, 

25 rhodamine or a mutant of green florescent protein. 
Preferred labels are those which are susceptible of 
quantitative determination. It is particularly preferred 
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that at least one, more preferably both, of the first and 
second labels are lanthanide ion labels such as samarium 
and europium ion labels. 

Typically, a lanthanide ion label is a substantially 
5 non- fluorescent lanthanide ion complex covalently bound to 
the component in question, which is detectable by adding a 
developer comprising (a) a detergent and (b) a chelating 
compound with which the lanthanide ion gives fluorescence, 
thereby dissociating the lanthanide ion from the component 

10 and forming a fluorescent lanthanide ion chelate. Further 
details regarding the developer are given below. 

The assay of the invention is typically either an 
assay for an inhibitor of a binding interaction or an assay 
of a specimen for a predetermined analyte . 

15 An assay of the invention for an inhibitor of a 

binding interaction will now be described in more detail. 
Such an assay is shown in Figure 1 . 

Typically, an assay for an inhibitor of a binding 
interaction comprises : 

2 0 (I) providing a solid support on which is 

immobilised a first component of a binding interaction 
between the first component and a second component, the 
first component having a first label which is non- 
radioactive ; 

25 (II) contacting the said solid support with the 

second component of the binding interaction and a putative 
inhibitor of the binding interaction under conditions under 
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which the binding interaction, in the absence of inhibitor, 
would be expected to occur, the second component having a 
second label which is non- radioactive and which is 
distinguishable from the first label; and 
5 (III) determining whether the putative inhibitor 

inhibits the binding interaction, 

A true positive result, where the putative inhibitor 
inhibits the interaction between the first and second 
components, will result in inhibition of the signal 

10 generated by the second label. However, the signal 
generated by the first label will not be inhibited. 

A false positive result is generated when the amount 
of the complex formed by the binding interaction is reduced 
for any reason other than inhibition of the binding 

15 interaction by the putative inhibitor, for example if the 
putative inhibitor causes the first component to become 
dissociated from the solid support. In this event, the 
amount of complex isolated on the solid support in step 
(III) will be reduced and both the signal generated by the 

2 0 first label and the signal generated by the second label 
will be inhibited. 

False positive results can therefore be detected by 
means of the present invention. 

The conditions in step (II) above will obviously vary 

25 depending on the binding interaction but typically comprise 
incubation at from 10°C to 40°C, preferably at about room 
temperature, for from 3 0 minutes to 2 hours, preferably for 
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about 1 hour . 

Step (III) is generally carried out by determining 
whether, or to what extent, the binding interaction has 
occurred. This can be done by determining the first and 
5 second components of the binding interaction. Typically, 
step (III) comprises (a) rinsing away unbound substances to 
isolate on the solid support any complex formed by the 
binding interaction and (b) determining the presence of the 
labels in the isolated complex. 
10 If a substantially non-fluorescent lanthanide ion 

complex, as described above, is used as the first or second 
label, step (III b) above typically comprises the detection 
of the label by: 

(A) adding to the solid support having the complex 
15 isolated thereon, a developer solution 

comprising (a) a detergent and (b) a chelating 
compound with which the lanthanide ion gives 
fluorescence . 

(B) allowing the lanthanide ion to dissociate from 
20 the component in question and to form a 

fluorescent chelate ; and 

(C) determining the fluorescent chelate thereby 
obtained. 

Preferably the lanthanide ion is a samarium or 
25 europium ion. Typically, the developer solution further 
comprises a buffer. 

Preferably, the detergent is a non-ionic surfactant. 
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More preferably it is a polyoxyethylene ether such as an 

iso-octylphenoxypolyethoxyethanol in which the polyethoxy 

chain contains about ten ethoxy units (i.e. Triton X-100®) . 

Preferably, the chelating compound is 2- 
5 naphthoyltrif luoroacetone , tri -n-octylphosphine oxide or 

N 1 - (p-isothiocyanatobenzyl) -diethylenetriamine-N 1 , N 2 , N 3 , 

N 4 -tetraacetic acid. Preferably, the buffer is capable of 

maintaining a pH of from 3 to 4 , more preferably about 3.2. 

Preferably, the buffer is an acetate-phthalate buffer. 
10 Suitable developers are known in the art. An example 

of a suitable developer is DELFIA® Enhancement solution 

available from Wallac Oy. 

Typically, step (B) is conducted by shaking the solid 

support with the said complex isolated thereon, in the 
15 presence of the developer solution, for from 5 to 20 

minutes, for example about 10 minutes. 

Greater sensitivity may be obtained by exciting the 

fluorescent chelates obtained in step (B) by means of a 

light impulse before determining the fluorescent chelate. 
20 During the interval between excitation and detection of the 

fluorescent chelates, the fluorescence from possible 

sources of interference decays . 

Typically, fluorescent europium chelates are excited 

from 300 to 500 /is, preferably about 400/xs, before they are 
25 detected. Typically, fluorescent samarium chelates are 

excited from 40 to 60 fis , preferably about 50 (is, before 

they are detected. Typically, fluorescent terbium chelates 
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are excited from 80 to 120 /zs, preferably about 100/xs, 
before they are detected. Typically, fluorescent 
dysprosium chelates are detected from 20 to 40 /xs, 
preferably about 3 0 /xs , before they are detected. 
5 Typically, the light impulse is produced by a xenon 

flash lamp with a flash duration of about 1 /is. The 
wavelength of the light impulse is typically from 320-340 
nm „ 

Typically the light impulse is generated, and the 

10 fluorescence is subsequently detected, in a fluorometer 
such as the Wallac 1234® fluorometer or the Wallac 1420 
Victor Multilabel Counter®. 

In an assay of the present invention, which is an 
assay for an inhibitor of a binding interaction, the effect 

15 of a putative inhibitor on two or more different 

bioaffinity reactions can be investigated in the same 
assay. Thus, the effect of a putative inhibitor on one or 
more binding interactions can be investigated 
simultaneously. In such a multiplex assay, in step (a) of 

20 the assay of the invention a labelled first component of 
each binding interaction is provided on the solid support 
and in step (b) of the assay of the invention a labelled 
second component of each binding interaction is contacted 
with the solid support and the putative inhibitor, the 

25 labels for each first component typically being 

distinguishable from each other and the labels for each 
second component typically being distinguishable from each 
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other . 

The second component of each binding interaction has 
a label which can be distinguished from the label of the 
first component of each binding interaction. 
5 The same label can be used for each second component, 

in which case any specific inhibition of any of the binding 
interactions would result in a decrease in the signal 
generated by the label attached to each second component 
without a corresponding decrease in any of the signals 

10 generated by the labels attached to the first components. 

The same label can be used for each first component, 
in which case any non-specific inhibition of any of the 
binding interactions would result in a decrease in the 
signal generated by the label attached to each first 

15 component . 

If the labels of each of the first components and 
each of the second components can all be distinguished from 
one another, it will be possible to assess the effect of 
the putative inhibitor on each binding interaction. 

20 A particularly preferred assay for an inhibitor of a 

binding interaction is an assay wherein the first component 
is tumour necrosis factor a (TNFa) and the second component 
is the p55 or p75 receptor protein. Preferably, both TNFor 
and the p55 or p75 receptor protein are labelled with a 

25 substantially non- fluorescent lanthanide ion complex as 

described above. Such a complex can be detected by steps 
(A) to (C) , as described above. Preferably, the TNFof is 
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labelled with a samarium complex and the p55 or p75 protein 
is labelled with a europium complex. 

TNFcy is typically immobilised on a solid phase by 
biotinylation followed by capture with streptavidin which 
5 is adsorbed to the solid phase. Preferably, the 

biotinylated TNFo? is immobilised onto plates which are 
precoated with steptavidin. 

It is found that, when TNFa is the first component in 
the preferred assay described above, non-specific binding 

10 is significantly lower than in previous TNFa/receptor 
protein screening assays. In previous TNFa/receptor 
protein screen assays, the receptor protein has been 
immobilised on the solid phase. Non-specific binding 
consists of all binding between the second component and 

15 the solid phase other than binding between the second 

component and the first component. Non-specific binding 
can lead to false assay results and a reduction in non 
specific binding is advantageous. 

The use of lanthanide labels in the preferred 

20 TNFa/receptor protein assay is also advantageous. In 

previous TNFor/receptor protein assays, [ 125 I] labelled TNFa 
has been detected. It is not possible to determine the 
[ 125 I] labelled TNFa? as accurately as the lanthanide 
labelled component . 

25 Figure 1 shows an assay for the detection of 

inhibitors of the TNFa and p55 receptor binding 
interaction. In the assay shown in Figure 1, the first 
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component of the binding interaction is tumour necrosis 
factor a (TNFar) . The TNFa is covalently bound to biotin, 
which is adsorbed to streptavidin on the solid phase. The 
second component of the binding interaction is p55 receptor 
5 protein. The TNFa is labelled with a samarium ion label 
and the p55 receptor protein is labelled with a europium 
ion label. In Figure 1, the various symbols have the 
following meanings : 




- Natural product inhibitor 



© - Samarium - TNFcv - biotin 




- p5 5 -Europium 



- Strepavidin 



A - FluoroNunc 96 well plate or 384 well white 

Nanoplates 

20 

The present invention also provides a test kit 
suitable for an assay for an inhibitor of a binding 
interaction which test kit comprises: 
(a) a solid support; and 
25 (b) labelled first and second components of a binding 

interaction, as defined above. 

Preferably, in the above test kit of the invention, 
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the first component is immobilised on the solid support. 

An assay of the invention which is an assay of a 
specimen for a predetermined analyte will now be described 
in more detail. 

5 A solid phase assay, conducted to determine whether a 

specimen contains a predetermined analyte, typically 
comprises : 

(I) providing a solid support on which is 
immobilized a first component of a binding interaction 

10 between the first component and a second component, the 
first component having a first label which is non- 
radioactive ; 

(II) contacting the said solid support with a 
specimen to be assayed for a predetermined analyte, which 

15 analyte is the second component of the binding interaction, 
under conditions under which the binding interaction would 
be expected to occur if the analyte is present in the 
specimen; and 

(III) determining whether the analyte is present in 
2 0 the specimen. 

The analyte is typically a substance of diagnostic 
significance, such as an antibody to a pathogen or an 
antigen recognised by such an antibody. The first 
component is typically an antibody or a DNA sequence. 
25 The conditions in step (II) generally comprise 

incubation at from 18°C to 40°C # preferably at about 37°C. 
The incubation period will depend on the particular binding 
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interaction but is typically from 10 to 60 minutes, for 
example about 3 0 minutes. 

Preferably the specimen is a serum, plasma, urine, 
saliva, or cerebrospinal fluid specimen, more preferably a 
5 serum or plasma specimen. 

Step (III) is generally carried out by determining 
whether, or to what extent, the binding interaction has 
occurred. This can be done by determining the first 
component of the binding interaction and the complex formed 
10 by the binding interaction. 

In step (III) , the complex formed by the binding 
interaction is typically determined by (a) rinsing away 
unbound specimen components to isolate on the solid support 
any complex formed by the binding interaction, (b) adding a 
15 further reactant which recognises the said complex and 
which is labelled and (c) determining the label of the 
further reactant . 

The label of the further reactant is distinguishable 
from the first label. It can be detected by conventional 
20 methods. It may be any conventional label such as an 

enzyme label, a fluorescent label or a radioactive label. 

When the analyte is a human antibody, the further 
reactant can be ant i~ human IgG conjugated with the enzyme 
horseradish peroxidase (hrp) . The hrp conjugated anti- 
2 5 human IgG binds to complex formed by the binding 

interaction. Unbound ant i- human IgG may be rinsed away and 
the bound ant i- human IgG may be detected by adding a 
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chromogenic substance containing tetramethyl benzidine 
(TMB) . This reacts with the hrp conjugated to the anti- 
human IgG to form a blue coloured product. The optical 
density of the resulting solution is directly proportional 
5 to the amount of the complex formed by the binding 
interaction. 

The first label is preferably a substantially non- 
fluorescent lanthanide ion complex, as described above. It 
can be detected by steps (A) to (C) , as described above. 
10 If the first component should be become dissociated 

from the solid support, the signal generated by the first 
label will be inhibited. Thus, one source of false 
negative results can be detected by means of the present 
invention . 

15 The present invention also provides a test kit 

suitable for an assay of a specimen for a predetermined 
analyte, which test kit comprises a solid support upon 
which is immobilised a labelled first component of a 
binding interaction as defined above. 

20 In its broadest aspect, the present invention 

provides a solid phase assay in which (i) a solid support 
is provided, upon which a first component of a binding 
interaction between the first component and a second 
component is immobilised, (ii) a step is carried out in 

2 5 which the second component may bind to the first component 
and (iii) whether, or to what extent, the binding 
interaction has occurred is determined, 
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wherein the first component is labelled with a non- 
radioactive label . 
Reference Example 1 



reconstituted in sodium carbonate buffer at pH 9 . 6 . It was 
then simultaneously labelled with biotin and samarium (Sm) 
chelate by incubation with biotin- e -aminocaproic acid-N- 
hydroxysuccinimide ester and samarium chelated with N 1 - (p- 

10 isothiocyanatobenzyl) -diethylenetriamine-N 1 , N 2 , N 3 , N 4 - 

tetraacetic acid for 18 hours at 4°C. The labelled protein 
was purified by gel filtration chromatography, with an 80% 
yield. The concentration of the purified labelled protein 
was estimated to be 80/zg/ml. The labelling ratio was 

15 calculated to be 0.5:0.7:1 Sm : biotin : TNFa . The labelled 
purified protein was stabilised with 1 mg/ml Bovine Serum 
Albumin (BSA) and stored at -70 °C. 

A Tris-HCl buffered NaCl assay buffer solution (pH 
7.8) containing 0.05% NaN 3 , BSA, Bovine gamma globulins, 

20 Tween 40, diethylenetriaminepentaacetic acid and an inert 
red dye (available from Wallac Oy as DELFIA® assay buffer) 
was used for diluting the labelled protein. Streptavidin 
coated 96 well polystyrene plates of good optical quality 
were used to capture the Sm-TNFor-biotin . Increasing 

25 concentrations of Sm-TNFa-biotin were added to streptavidin 
coated wells (100 ^1/well) and incubated for 1 hour at room 
temperature with shaking. 



5 



Lyophilised protein carrier free TNFa was 
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The plates were then washed six times with 250 fxl of 
a Tris-HCl buffered salt solution wash buffer (pH 7.8) 
containing Tween 2 0 and Germall as a preservative 
(available from Wallac Oy as DELFIA® wash buffer) . 
5 100 /il of an enhancement solution containing an iso- 

octylphenoxypolyethoxyethanol in which the polyethoxy chain 
contains about ten ethoxy units (Triton X-100®) , 2- 
naphthoyltrif luoroacetone , and tri-n-octylphosphine oxide 
in acetate-phthalate buffer at pH 3.2 (available from 
10 Wallac Oy as DELFIA® enhancement solution) was then added. 
After shaking for 10 minutes to allow dissociation 
enhancement of the lanthanides, the samarium signals were 
measured in the Wallac 1234® fluorometer. The results are 
shown in Table 1. 

15 
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Table 1 

Titration of Sm-TNFa-Biotin Coating Concentration 



Sm-TNFa-Biotin Signal 


ng/well 


Average 


Standard Error of 
Mean 


0 


9 "3 Q 

~> 




0 . 5 


^ ft d 


1 D 


1 


581 


18 


2 


922 


11 


5 


2588 


98 


! 10 


6749 


72 


20 


16884 


165 


30 


25196 


1234 


40 


36380 


652 


50 


44532 


323 


60 


56427 


775 


70 


62657 


612 



Binding was observed to increase linearly with 
increasing concentrations of Sm-TNFcx-biotin . 

20 

Reference Example 2 

Lyophilised protein carrier free recombinant p55 
receptor protein was reconstituted in sodium carbonate 
25 buffer at pH 9,6. It was then labelled with europium (Eu) 
chelate by incubation with europium chelated with N 1 - (p- 
isothiocyanatobenzyl) -diethylenetriamine N 1 , N 2 , N 3 , N 4 - 
tetraacetic acid for 18 hours at 4°C. The labelled protein 
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was purified by gel filtration chromatography, with an 80% 
yield. The concentration of the purified labelled protein 
was estimated to be 80/xg/ml. The labelling ratio was 
calculated to be 2.1:1 Eu:p55. The labelled purified 
5 protein was stabilised with Img/ml BSA and stored at 
-70°C. 

An assay buffer as described in Reference Example 1 
was used for diluting the labelled protein. Streptavidin- 
coated 96 well plates to which Sm-TNFa-biotin was bound 

10 were prepared as in Reference Example 1 using 20ng Sm-TNFar- 
biotin per well. These plates were then washed three times 
with 250 /il of a wash buffer as described in Reference 
Example 1. The purified p55-Eu was then added at various 
concentrations ( 100/xl/well ) and incubated at room 

15 temperature with shaking for 2 hours. 

The plates were then washed six times with 250 fxl of 
the above wash buffer and 10 0/xl of the enhancement solution 
described in Reference Example 1 was added. After shaking 
for 10 minutes to allow dissociation enhancement of the 

20 lanthanides, the samarium and europium signals were 

measured in a Wallac 1234® fluorometer. Non-specific 
binding was measured by repeating the experiment using 
streptavidin-coated plates to which no Sm-TNFof-biotin was 
bound. The results are shown in Table 2. 

25 
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Table 2 

Satura tion of p55-Eu Binding to Sm-TNFo?-Biotin 





Total Binding - Eu 


Signal 


Non-specific Binding - Eu 
signal 


5 


[p55-Eu] 
<M) 


Average 


Standard 
Error of 
Mean 


[p55-Eu] 
(M) 


Average 


Standard 
Error of J 
Mean | 




0 


930 


42 


0 


261 


16 




1 . 00E-11 


3861 


102 


1 . 00E-11 


253 


14 




3 . 00E-11 


10325 


205 


3 . 00E-11 


237 


7 




1 . 00E-10 


29693 


799 


1 . 00E-10 


274 


22 


10 


3 . 00E-10 


87774 


3415 


3 . 00E-10 


241 


5 




1 . OOE-09 


231898 


5889 


1 . OOE-09 


308 


34 




3 . OOE-09 


519891 


8226 


3 . OOE-09 


313 


25 




1 . 00E-08 


786687 


44825 


1 . 00E-08 


378 


73 




3 . 00E-08 


1086753 


37327 


3 . 00E-08 


362 


24 


15 \ 


1 . 00E-07 


1249340 


16469 


1 . 00E-07 


604 


79 




3 . 00E-07 


1349215 


84382 


3 . OOE-07 


921 


40 



20 



Sm-TNFof-Biotin signal 


[p55-Eu] (M) 


Average 


Standard Error 
of Mean 


0 


16357 


201 


1.00E-11 


14834 


462 


3 .00E-11 


15812 


469 


1.00E-10 


15328 


473 


3 . 00E-10 


15889 


629 


1. OOE-09 


16259 


376 


3 .OOE-09 


16738 


382 


1 . 00E-08 


16274 


712 


3 . 00E-08 


16459 


762 


1.00E-07 


16442 


642 


3 . 00E-07 


17037 


574 
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Total binding for p55-Eu was found to saturate with a 
maximum signal of from 1,200,000 to 1,400,000 europium 
counts. The non-specific binding was very low at 300 - 
2,000 europium counts over this range of p55-Eu 
5 concentrations. Therefore this assay had a 700-4,000 fold 
window (assay window = total binding/non-specific binding) . 

Half maximal binding at 600,000-800,000 europium 
counts was achieved at a p55-Eu concentration of from 5 to 
10 nM. This would be equivalent to the Kd value for the 

10 binding of TNFa? to p55 protein. However, the exact 

concentration of p55 at which half maximal binding was 
achieved could not be accurately determined. Therefore, a 
displacement experiment using unlabelled p55 to compete 
with the p55-Eu (see below) was performed to calculate Kd. 

15 The level of Sm-TNFof-biotin bound in this experiment 

gave the expected signal of from 15,000 to 17,000 samarium 
counts and was uniform across the plate. 

Example 1 



Inhibition of p55-Eu binding to Sm-TNFor-biotin by 
unlabelled p55 over the range 10~ 1X - 10" 6 M was determined. 
A fixed final concentration of 7nM p55-Eu was used as this 
represents the approximate Kd value obtained in Reference 
25 Example 2. The assay was conducted in the same way as in 
Reference Example 2 except that, as explained above, a 
fixed concentration of p55-Eu was used and unlabelled p55 
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was added, together with the europium labelled p55, at 
various concentrations (lOO^l/well final volume) . The 
results are shown in Table 3. 



Table 3 

Inhibit ion of p55-Eu by Unlabelled r>55 



10 



15 



p55-Eu Signal 


Sm-TNFa-Biotin Signal 


IP-' J J \clf 


Average 


Standard 
Error of 
Mean 


[p55] (M) 


Average 


Standard 
Error of 
Mean 


1 . 00E-11 


701602 


15820 


1 . 00E-11 


14844 


343 


3 . 00E-11 


715996 


14948 


3 . 00E-11 


15145 


337 


1 . 00E-10 


691250 


23129 


1 . 00E-10 


15101 


513 


3 . OOE-10 


640688 


30800 


3 . 00E-10 


15298 


737 


1. 00E-09 


520921 


6481 


1.00E-09 


15623 


238 


3 . 00E-09 


244664 


12082 


3 . 00E-09 


15064 


446 


1 . OOE-08 


78544 


4101 


1. OOE-08 


15341 


552 


3. OOE-08 


24181 


1113 


3 . OOE-08 


14949 


485 


1 . OOE-07 


8451 


337 


1 . 00E-07 


15537 


542 


' 3. OOE-07 


3870 


885 


3 . OOE-07 


14615 


441 


1 . 00E-06 


1578 


57 


1.00E-06 


14333 


304 



20 Th e results in Table 3 show 50% inhibition at 1.9nM. 

This gives a close approximation to the Kd for p55-Eu 
binding. However, a more accurate indication of the Kd can 
be obtained by calculating the Ki from the IC 50 (the 
concentration at which 50% of the binding is inhibited) 
25 using the Cheng-Prusof f equation: 

Ki=IC 50 / (1+L/Kd) where L = p55-Eu concentration. 
In this case L should equal the Kd. Thus: 
Ki = IC 50 /2 
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Therefore, the Ki for p55 inhibition of p55-Eu is 
found to be 0.95 nM which is equivalent to literature 
values for the Kd of the p55 receptor (0.3 - 1.0 nM) . The 
control samarium signal was as expected in the assay at 
5 around 15,000 samarium counts. 

Reference Example 3 



10 incubation period was used for binding of the p55-Eu to the 
Sm-TNFa-biotin. To determine an optimum incubation time, a 
time course of binding of p55-Eu to Sm-TNF<x-biotin at a 
fixed final concentration of 7nM was performed with 15 
minute time points. The assay was conducted in the same 

15 way as in Reference Example 2 except that, as explained 

above, the concentration of p55-Eu was fixed at 7nM and the 
incubation time was varied. The results are shown in Table 



In Example 1 and Reference Example 2, a 2 hour 
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Table 4 

Time Course for p5 5 Binding 



p55-Eu Signal 




Time 


Total Binding 


Non-specific 
Binding 


Sm-TNFor-Biotin 
Signal 


(min) 


Average 


Standard 
Error of 
Mean 


Average 


Standard 
Error of 
Mean 


Average 


Standard 
Error of 
Mean 


15 


634846 


29296 


312 


16 


16227 


455 


30 


747059 


18120 


324 


22 


17314 


478 


45 


773710 


12773 


340 


43 


17681 


211 


60 


791242 


14181 


316 


30 


17597 


456 


75 


805514 


15279 


361 


25 


17585 


439 


90 


809398 


26920 


367 


27 


17618 


564 


105 


798321 


29524 


382 


40 


16755 


687 


120 


799861 


20818 


366 


34 


16543 


536 



15 The results in Table 4 demonstrate that p55-Eu 

binding to Sm-TNFa-biotin is rapid and has reached 
equilibrium by 60 minutes. 

Reference Example 4 

20 

A Sm-TNFof-biotin complex was prepared as described in 
Reference Example 1. The labelled protein was diluted with 
the Tris-HCl buffered NaCl assay buffer described in 
Reference Example 1. 384 well white polystyrene plates of 
25 good optical quality were coated with 40 /xg/ml streptavidin 
overnight at 4°C. These streptavidin coated plates were 
used to capture the Sm-TNFa-biotin . The plates were first 
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blocked using 2% BSA and then increasing concentrations of 
Sm-TNFa?-biotin were added to the streptavidin coated wells 
(total volume 50 /xl/well) . Incubation then took place for 
1 hour with shaking. 

The samarium ions were determined as described in 
Reference Example 1. The results are shown in Table 5. 

Table 5 

Titration of Sm-TNFo'-Biot in Coating Concentration 



Sm-TNFot-Biotin Signal 


ng/wells 


Average 
Sm-TNFat-Biotin 
signal 


Standard error of 
mean 


0 


342 


16 


1 . 875 


4359 


153 


3 .75 


7931 


532 


7.5 


13988 


402 


15 


21638 .75 


838 


30 


27964 


2083 


60 


36012 . 75 


205 


120 


47356 


261 


240 


53276 .5 


894 


480 


57301.25 


3311 



10 



15 



20 



Reference Example 5 



25 Purified p. 55 receptor protein labelled with europium 

chelate was prepared as described in Reference Example 2 . 
Streptavidin coated 384 well plates to which Sm-TNFor-biot in 
was bound were prepared as in Reference Example 5 using 50 
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fxl of 120 ng/ml Sm-TNFa?-biotin . The plates were then 
washed three times with a wash buffer as described in 
Reference Example 1. The purified p.55-Eu was then added 
at various concentrations (total volume 50/xl/well) . 
5 Incubation took place at room temperature with shaking for 
2 hours . 

The europium ions were determined as in Reference 
Example 2. The results are shown in Table 6. 

Table 6 



Saturation of p55-Eu binding to the Sm-TNFcy-Biot in 



20 



[p55-Eu] fxM 


Average Eu signal 


Standard of error of 
mean 


0 


3035 


209 


0 . 0003 


157064 


19461 


0 . 0007 


361555 


19371 


0 . 0014 


671915 


13578 


0 . 0027 


1049680 


35934 


0 . 0054 


1492000 


79303 


0.0109 


2021490 


131363 


0 . 0210 


2154510 


99581 


0 . 0437 


2441790 


111060 


0.0874 


2638210 


117080 


0 . 1749 


2946350 


149617 


0.3498 


3075610 


205654 



Total binding for p55-Eu was found to saturate with a 
maximum signal of approximately 3,000,000 europium counts, 
with non-specific binding at 3000 europium counts. This 
gave an assay window of 1000 fold (assay window = total 
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binding/non-specific binding) . Half -maximal binding at 
1,500,000 europium counts was achieved at a p55-Eu 
concentration of approximately 5 . 3nM. This would be 
equivalent to the Kd value for the binding of TNFa to p55 . 
5 However, the exact concentration of p55 at which half- 
maximal binding was achieved could not be accurately 
determined. Therefore, a displacement experiment using 
unlabelled p55 was performed to calculate the Kd, as in 
Example 1 . 

10 

Example 2 

Inhibition of p55-Eu binding to Sm-TNFa-biotin by 
unlabelled p55 was determined. The assay was conducted in 
15 the same way as in Reference Example 5 except that a fixed 
concentration of 120 ng/ml Sm-TNFa-biotin was used and 
unlabelled p55 was used, together with the europium 
labelled p55, at various concentrations. The results are 
shown in Table 7 . 



20 
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Table 7 

Inhibition of p55-Eu binding bv unlabelled p55 



p55-Eu Signal 


[p55] (uM) 


signal 


oLaliClara ex xOi OI 

mean 


3.55 E-7 


3579560 


7463 


1 . 77 E-6 


3586380 


6944 


! 8.8 E-6 


3583760 


6177 


4 .4 E-5 


3552030 


34637 


2.2 E-4 


3441980 


10076 


1.1 E-3 


3236970 


63011 


5.5 E-3 


1775460 


60112 


2 . 78 E-2 


207993 


18330 


1.39 E-1 


46732 


1425 


5.56 E-1 


20260 


716 



The results in Table 7 show 50% inhibition at a p55 
concentration of 4.12nM. The Cheng-Prusof f equation was 
used to determine the p55 Ki and hence p55-Eu Kd from the 
p55 IC 50/ as shown in Example 1. 

Ki = IC 50 / (1+L/Kd) where L = ligand concentration 
which in this case was 2 x estimated Kd or 10.6nM. 

Therefore, the Ki for the p55 inhibition of p55-Eu 
for the 384 well format was found to be 1.37nM which is 
close to the literature quoted values. 
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Re f e r enc e Examp 1 e 6 



10 



An optimum incubation time for binding of the p55-Eu 
to the Sm-TNFce-Biotin was determined by carrying out an 
assay in the same way as in Reference Example 5 except that 
the concentration of p55-Eu was fixed at 2nM and the 
incubation time was varied. The results are shown in Table 
8 . 

Table 8 

Time course for p55 binding 



p55-Eu Signal 


Time 
(mins) 


Total 
Binding 


Total 
Binding 


Non- 
specific 
binding 


Non- 
specific 
binding 




Average 


Standard 
error of mean 


Average 


Standard 
error of mean 


0 


0 


0 


0 


0 


15 


278389 


42071 


33296 


436 


30 


400000 


54733 


63159 


829 


45 


470000 


28043 


24084 


1523 


60 


469828 


30365 


63845 


551 


75 


466837 


28661 


73256 


711 


120 


448198 


43163 


25063 


2112 


160 


448830 


29365 


63669 


873 



15 



20 



25 



Reference Example 7 

The use of different assay plates was investigated 
for both the 96 and 384 well assay formats. In both cases 
clear, white and black plates were evaluated. 
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96 well plates were coated with streptavidin as in 
Reference Example 4, but using a total volume of 100/xl in 
each reagent and wash step. Sm-TNFc*-biotin at 120ng/ml 
(100/xl) was then added and incubated for one hour at room 
5 temperature with shaking. The plates were then washed 
three times with a wash buffer as described in Reference 
Example 1 prior to the addition of 7 . 7nM p55-Eu (100/xl 
total volume) . After a further 1 hour incubation the 
plates were washed six times with the above wash buffer and 
10 100/xl of the enhancement solution described in Reference 
Example 1 was added. After shaking to allow dissociation 
enhancement of the lanthanides, the plates were mixed and 
the samarium and europium signals were determined using a 
Wallac Victor 1420 reader. Clear, black and white plates 
15 were handled identically. 

Clear, black and white 384 well plates were handled 
in the same manner, but with total volumes in each reagent 
addition stage of 50/xl. 

Tables 9, 10 and 11 show the data for the 96 well 
20 plates. Tables 12, 13 and 14 show the data for the 384 
well plates. 



< WO 981 6833A 1 J _> 



WO 98/16833 




PCT/GB97/02552 



31 
Table 9 

Data obtained using clear 96 well plates 



in the TNFo? dual labelled assay 





Average 
count 


Standard 
deviation 
from the mean 


Assay- 
window 


Average europium 
count for Totals 


36905 


5979 




Average europium 
count for NSBs 


515 


134 


72 


Average samarium 
count for Totals 


2834 


122 




| Average samarium 
count for NSBs 


134 


13 


21 




Table 10 




Data obtained 


usincr black 96 well relates 


in the TNFor dual labelled assav 














Average 
count 


Standard 
deviation 
from the mean 


Assay 
window 


Average europium 
count for Totals 


29946 


7538 




Average europium 
count for NSBs 


226 


32 


133 


Average samarium 
count for Totals 


1584 


277 




Average samarium 
count for NSBs 


18 


3 


90 
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Table 11 

Data obtained using white 96 well p laten 



in the TNFor dual labelled assay 



5 





Average 
count 


Standard 
deviation 
from the mean 


Assay 
window 


Average europium 
count for Totals 


585471 


36952 


72 


Average europium 
count for NSBs 


8099 


234 


Average samarium 
count for Totals 


38654 


2506 


97 


Average samarium 
count for NSBs 


243 


6 



The TOTAL values are those obtained adding both Sm- 
15 TNFor-biotin and p55-Eu in the assay. The NSB (non-specific 
binding) refer to those values obtained using p55-Eu alone. 
The concentrations used were I20ng/ml SM-TNFor-biotin and 
7.7nM p55-Eu. 
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Table 12 

Data obtained using clear 384 well plates 



in the TNFo? dual labelled assay 







Average 
count 


Standard 
deviation 
from the mean 


Assay 
window 


5 


Average europium 
count for Totals 


52175 


4966 






Average europium 
count for NSBs 


477 


55 


109 


io ! 


Average samarium 
count for Totals 


3369 


334 






Average samarium 
count for NSBs 


188 


38 


18 



Table 13 

15 Data obtained using black 384 well plates 

in the TNFoe dual labelled assay 





Average 
count 


Standard 
deviation 
from the mean 


Assay 
window 


Average europium 
count for Totals 


37670 


11970 


241 


Average europium 
count for NSBs 


156 


33 


Average samarium 
count for Totals 


2744 


483 


164 


Average samarium 
count for NSBs 


17 


8 
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Table 14 

Data obtained using white 384 well plates 
in the TNFa dual labelled assay 







Average 
count 


Standard 
deviation 
from the mean 


Assay 
window 


5 


Average europium 
count for Totals 


294887 


33255 






Average europium 
count for NSBs 


1292 


655 


228 


10 


Average samarium 
count for Totals 


16586 


1795 






Average samarium 
count for NSBs 


110 


19 


151 



The TOTAL, values are those obtained adding both Sm- 
15 TNFof-biotin and p55-Eu in the assay. The NSB (non-specific 
binding) refer to those values obtained using p55-Eu alone. 
The concentrations used were 120ng/ml SM-TNFa-biotin and 
7.7nM p55-Eu. 

The data in Tables 9, 10, 11, 12, 13 and 14 show that 
20 this assay system works well and provides significant 

counts and assay windows (assay window = total count s/NSB 
counts) in clear, white and black plates for both the 96 
and 384 well formats. 
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1. A solid phase assay comprising: 

(a) providing a solid support on which is 

5 immobilised a first component of a binding interaction 
between the first component and a second component, the 
first component having a first label which is non- 
radioactive; 

(b) contacting the said solid support either (i) 
10 with a putative inhibitor of the binding interaction and 

the second component of the binding interaction, the second 
component having a second label which is non-radioactive 
and which is distinguishable from the first label, under 
conditions under which the binding interaction, in the 

15 absence of inhibitor would be expected to occur, or (ii) 

with a specimen to be assayed for a predetermined analyte, 
which analyte is the second component of the binding 
interaction, under conditions under which the binding 
interaction would be expected to occur if the analyte is 

20 present in the specimen; and 

(c) determining whether, or to what extent, the 
binding interaction has occurred. 

2. An assay according to claim 1 wherein the 
first and second labels are f luorometrically detectable. 

25 3 . An assay according to claim 1 or 2 

wherein the binding interaction is an interaction between a 
ligand and a receptor therefor. 
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4 . An assay according to claim 1 or 2 
wherein the binding interaction is a protein/protein 
interaction . 

5 . An assay according to claim 1 or 2 

5 wherein the binding interaction is an interaction between a 
DNA sequence and one or more protein which is capable of 
binding thereto. 

6. An assay according to any one of the 
preceding claims wherein the first label and/or the second 

10 label is a substantially non- fluorescent lanthanide ion 
complex covalently bound to the component in question, 
which is detectable by adding a developer comprising (a) a 
detergent and (b) a chelating compound with which the 
lanthanide ion gives fluorescence, thereby dissociating the 

15 lanthanide ion from the component and forming a fluorescent 
lanthanide ion chelate . 

7 . An assay according to any one of the 
preceding claims in which the effect of a putative 
inhibitor on two or more binding interactions can be 

20 investigated simultaneously, wherein in step (a) a labelled 
first component of each binding interaction is provided on 
the solid support and in step (b) a labelled second 
component of each binding interaction is contacted with the 
solid support and the putative inhibitor, the labels for 

25 each first component being distinguishable from the labels 
for each second component . 

8. An assay according to claim 7 wherein 
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each first component has the same label. 

9. An assay according to claim 7 or 8 
wherein each second component has the same label . 

10. An assay according to any one of the 
5 preceding claims wherein the first component is tumour 

necrosis factor a (TNFar) and the second component is p55 or 
p75 receptor protein. 

11. A test kit suitable for an assay 
according to any one of the preceding claims which test kit 

10 comprises: 

(a) a solid support; and 

(b) labelled first and second components as defined 
in claim 1. 

12. A test kit according to claim 11 wherein 
15 the first component is immobilised on the solid support. 

13. A process for identifying an inhibitor of 
a binding interaction, which process comprises: 

(I) carrying out steps (a), (b) (i) and (c) as 
specified in claim 1; and, if the putative inhibitor does 

2 0 not inhibit the binding interaction; 

(II) repeating (I) using a different putative 
inhibitor in step (b) (i) . 

14. An inhibitor of a binding interaction 
identified by the process of claim 13 . 

25 15. An assay according to claim 1 wherein the 

specimen to be assayed for a predetermined analyte is a 
serum, plasma, urine, saliva or cerebrospinal fluid 
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specimen . 

16 . An assay according to claim 1 or 15 
wherein the analyte is an antibody to a pathogen or an 
antigen recognised by such an antibody. 
5 17. A test kit suitable for an assay of a 

specimen for a predetermined analyte, which test kit 
comprises a solid support upon which is immobilised a 
labelled first component of a binding interaction as 
defined in any one of the preceding claims. 

10 18. A solid phase assay in which (i) a solid 

support is provided, upon which a first component of a 
binding interaction between the first component and a 
second component is immobilised, (ii) a step is carried out 
in which the second component may bind to the first 

15 component and (iii) whether, or to what extent, the binding 
interaction has occurred is determined, 

wherein the first component is labelled with a non- 
radioactive label. 
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